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In persons with acute and chronic glaucoma, the ganglion cell and nerve fiber layers are usually the only retinal layers significantly affected. 1, 3 In 1 recent report, photoreceptor numbers were decreased in 24 glaucomatous human eyes with IOPs > 35 mm Hg. 4 The globes in our study, however, routinely showed necrosis in the inner nuclear, outer nuclear, photoreceptor, and retinal epithelial layers in addition to marked changes in the ganglion cell layer.
The functional significance of the retinal necrosis is potentially severe. Animals with retinal necrosis would not be expected to regain vision regardless of a decrease in IOP. The difference between the animals who regain sight and those who do not may be at least partially due to differences in the severity and distribution of retinal necrosis.
The filtration apparatus was affected in all globes. Early changes were characterized by atrophy with trabecular cells showing hypertrophy. Later in the disease process, profound atrophy made the filtration apparatus undiscernible. Mitosis and plump mesenchymal cells in the plexuses were indicative of a cellular proliferative response that occurs even as the structure undergoes severe atrophy within 9 days of the initial rise in IOP. Regardless of whether these changes are primary or secondary, the consequences of a closed filtration apparatus would be a decrease in conventional aqueous outflow, which may contribute to a further rise in IOP.
In summary, changes noted within the first 11 days of increased IOP are 1) the filtration apparatus initially exhibited a proliferative response with eventual progression to severe atrophy; 2) ganglion cell abnormalities and optic nerve malacia occurred early and at relatively low pressures; and 3) the nontapetal retina was consistently more severely affected than the tapetal retina in terms of panretinal necrosis. In these globes, a threshold level of >45 mm Hg appears to be necessary for some of the more severe changes. 1, 4, 11 Fumonisin B 1 has been shown to be the etiologic agent of equine leukoencephalomalacia (ELEM) by oral 7 and intravenous 8 dosing with pure FB 1 , and ELEM has been reproduced with a naturally contaminated diet containing FB 1 , FB 2 , and FB 3.
Fumonisin B 2 in cultured

16,18
In field samples of corn and corn-containing animal feeds, all 3 fumonisins are routinely detected, 13 indicating the need for further work on the role of FB 2 and FB 3 in the etiopathogenesis of ELEM. During the 1989-1990 corn harvest season, many regions of the United States experienced numerous From the US Department of Agriculture, Animal and Plant Health Inspection Service, Veterinary Services, National Veterinary Services Laboratories, Ames, IA 50010.
Received for publication August 16, 1993. outbreaks of ELEM 15 and porcine pulmonary edema. 5, 10 Mycologic examination of feeds associated with several of these outbreaks revealed that most were infected with Fusarium moniliforme and F. proliferatum. Laboratory cultures grown from corn revealed that many of the isolates of both species produced fumonisins. 9,12 All F. moniliforme cultures and some F. proliferatum cultures contained FB 1 in higher concentrations than FB 2 and FB 3 . However, some F. proliferatum cultures produced concentrations of FB 2 and/or FB 3 greater than that of FB 1 . This report describes experimental dosing of ponies with cultures of 2 F. proliferatum isolates that produce FB 2 or FB 3 at much greater concentrations than that of FB 1 . The study was conducted to gather information regarding the toxicity of FB 2 and FB 3 and to determine if there is an association between F. proliferatum and ELEM.
The experimental trial was conducted in a manner similar to previously described work. 16 Eight clinically normal ponies of various ages and both sexes were divided into FB 2 (n = 3), FB 3 (n = 3) and control (n = 2) groups and conditioned on the control diet for approximately 21 days prior to beginning the trial. During the conditioning period and throughout the trial, all ponies received alfalfa/grass hay free choice. The groups were fed for various lengths of time. The ponies were individually housed inside at night and in a group paddock during the day and were fed individually. Individual unconsumed rations were measured daily. The animal care and use protocol was reviewed by the Animal Care and Use Committee of the National Veterinary Services Laboratories. Experiments were conducted in accordance with provisions of the Guide for Care and Use of Laboratory Animals (NIH publication no. 88-23, 1985) . Clinical observations were conducted daily. Weights and temperatures were recorded and a standard clinical chemistry panel, as previously described, 16, 18 was evaluated at periodic intervals (3-4 days) . Routine necropsies were performed as the ponies were euthanized. a A wide range of tissues was collected at necropsy, including brain, liver, and kidney, and prepared for microscopic study.
Fusarium proliferatum isolates, originally isolated from a moldy ear of corn from Iowa (M-6290) 13 and from a feed sample associated with porcine pulmonary edema (M-6104), 13 were obtained from the Fusarium Research Center, Pennsylvania State University and cultured on 500-g batches of corn for 4 weeks at room temperature. After incubation, each batch was extracted with 800 ml of a 50/50 (v/v) mixture of chloroform/acetone (G. Rottinghaus, personal communication) and filtered. The resultant culture material (CM) was air dried for 48-72 hours at room temperature and ground to a uniform consistency in a Stein mill. b Several batches of each isolate were combined to create approximately 2-4-kg lots each. The lots were analyzed for fumonisin content by high performance liquid chromatography as previously described. 14 The CM contained FB 1 /FB 2 /FB 3 concentrations of 268/5,400/0.5 ppm and 0.5/0.5/3,700 ppm, respectively, for M-6104 and M-6290.
Individual rations (0.8% body weight) were prepared daily by adding CM to pellets' (CM not used in control ration) and molasses d to create the following FB concentrations: B 2 ration-3 ppm FB 1 , 75 ppm FB 2 , < 1 ppm FB 3 ; B 3 ration-< 1 ppm FB 1 , < 1 ppm FB 2 , 75 ppm FB 3 ; control rations-< 1 ppm FB 1 , < 1 ppm FB 2 , < 1 ppm FB 3 . The CM and pellets were also assayed e for zearalenone, zearalenol, T-2 toxin, diacetoxyscirpenol, deoxynivalenol, 15acetyl deoxynivalenol, fusarenone-x, zearalenone, HT-2 toxin, and T-2 tetrol. None of these substances were detected. The CM did contain moniliformin and fusarin C f concentrations of < 1 ppm and 6.2 ppm, and < 1 ppm and 2.1 ppm for M-6290 and M-6104, respectively. Several samples of the ration (sweet feed) that the ponies had been consuming for several weeks prior to the trial, the molasses, and the pellets contained < 1 ppm FB 1 , FB 2 , and FB 2 .
All 3 ponies in the FB 3 group consumed their rations every day for 56 days. Throughout the trial, all 3 were clinically normal and serum chemistry values were within normal ranges. On days 57 (1 pony) and 65 (2 ponies), the FB 3 group ponies was euthanized and necropsied. There were no gross or microscopic lesions, including those pathognomonic for ELEM.
On day 136, 2 of the 3 FB 2 ponies were euthanized in extremis after showing variable signs of muscle tremors, head shaking, ataxia, depression, and recumbency during the pre-vious 12 hours. Macroscopic and microscopic lesions of classical ELEM 2, 3, 6, 17 (Fig. 1) were observed in 1 pony. Mild focal areas of liquefactive necrosis were noted in the second pony. Periodically during the trial, all 3 experienced episodes of the above symptoms for various lengths of time, with apparent full recovery between episodes. Clinical chemistry values, especially liver enzymes, all showed cycles of elevation followed by return to normal or close to normal ranges. Feed consumption varied for all 3 ponies, with no clear correlation with clinical signs or serum chemistry alterations. The third FB 2 pony and the 2 control ponies were euthanized on day 223 and necropsied. Neither the FB 2 pony nor the control ponies had gross or microscopic lesions suggestive of ELEM.
Although F. proliferatum has been previously isolated from ELEM-associated feed, 12,13 this is the first report linking it directly with ELEM and the first indication that FB 2 could be a factor in ELEM. The concentrations in the rations were consistent with field and experimental reports of naturally contaminated feeds containing FB 1 , FB 2 , and FB 3 that caused ELEM, where FB 1 was at the highest concentration. 16, 18, 19 To date, ELEM has been produced only by chemically pure FB 1 . 7,8 Further study with chemically pure FB 2 is needed to confirm the findings presented here. All 3 ponies on the FB 2 ration showed some hepatic involvement, findings consistent with the above reports. All 3 FB 3 ponies appeared to be unaffected by their ration, suggesting that FB 3 may not be as toxic as FB 1 or FB 2 . However, further study of FB 3 at higher concentrations is warranted. e. f. 
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